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EFFECTS OF PRE-ROBOT INSTALLATION 
MANAGEMENT ACTIONS 
ON LEVELS OF WORKFORCE ACCEPTANCE 
by 
Edwin William Bradley 
Abstract 
The success of a first robot Installation can be dependent 
on the level of acceptance shown toward the robot by hourly 
production personnel. The objective of this thesis was to test 
the hypothesis that management can Increase the level of blue- 
collar acceptance toward a first robot Installation by engaging 
1n a series of actions aimed at educating the workforce about 
the proposed robot and Involving them In the planning and, In- 
stallation process. Typical management actions Included 
guaranteeing workers continued employment after an Installation. 
Including a member of the hourly workforce 1n planning dis- 
cussions, Informing union personnel of proposed changes, and 
keeping workers Informed of robot developments. 
The various techniques suggested by authors of the current 
literature were Incorporated Into a two-part questionnaire. 
Part I measured the degree to which management engaged 1n the 
various pre-1nstallat1on suggestions, while Part II measured 
the level of acceptance shown toward the robot by hourly workers. 
The questionnaire was sent to twenty manufacturing firms known to 
1 
utilize robots 1n their production areas. Data collected In the 
study were analyzed using a Pearson Product-Moment Correlation 
Analysis to determine whether a significant correlation existed 
between the two sets of data. Based on the data collected 1n 
this study, a significant correlation was found to exist at the 
.05 level. 
Individual questions 1n Part I of the questionnaire were 
also correlated with total scores on Part.II. One pre-1nstalla- 
tlon suggestion, guaranteeing workers continued employment after 
an Installation, was found to have a significant correlation at 
the .05 level. 
Finally, data related to answers received for each question 
on the questionnaire were also presented. 
Chapter 1 
INTRODUCTION 
The success of a robot installation in a production area can 
be affected by the level of acceptance shown toward the robot by 
the blue-collar workforce. In an article by Welnsteln (26), 
Douglas Hall states that the failure of the Ford Motor Company to 
successfully Implement robots 1n some production areas in the 
early 1970's was caused by the Inability of management to con- 
vince their workforces of the feasibility and Importance of 
robots. G. C. Macri (16) warns that total commitment at all 
levels is required for a successful robot Installation. 
■. A review of the literature Indicates that management can 
positively Influence blue-collar attitudes toward a new robot 
Installation by engaging 1n a series of pre-1nstallat1on actions 
aimed at educating and Involving hourly personnel. This thesis 
Investigates the major actions suggested by various authors, 
Incorporates them into a two-part questionnaire, and measures 
the correlation between the variety of pre-1nstallat1on actions 
engaged 1n by plant management and the measured success of the 
robot Installation. 
The following chapters Include a definition of the problem, 
background Information, a literature review, and details of the 
data collection and analysis procedures. 
Chapter 2 
PROBLEM DEFINITION 
A carefully engineered system Incorporating a robot into 
a production area will not guarantee a successful robot In- 
stallation 1f steps are not taken to Insure workforce accep- 
tance of the new robot. The purpose of the research conducted 
1n this thesis was to test the effectiveness of various pre-, 
robot Installation management techniques designed to positively 
Influence blue-collar attitudes toward a first robot Installation. 
This thesis built upon the established body of Information 
by Incorporating suggestions of various authors Into a question^ 
nalre which was sent to a sample of manufacturing firms which 
had already Installed at least one robot 1n their production area. 
The questionnaire measured the extent to which plant management 
engaged 1n the various pre-1nstalJat1on techniques, and the level 
of acceptance shown toward the robot by blue-collar personnel. 
A statistical analysis was performed to determine whether a 
significant correlation existed between the two sets of data. 
Chapters three and four provide background. Information and 
a detailed examination of the various pre-1nstallation techniques 
suggested 1n the current literature. 
Chapter 3 
BACKGROUND INFORMATION 
In 1980 there were more than 3500 robots in use in manu- 
facturing settings in the United States (37). Between 1976 and 
1979, industry sales grew at an annual rate of 35% and, according 
to Bylinsky (4), sales in the United States may reach $2 billion 
by the year 1990. 
Evolving from their early counterparts Introduced in the 
1960's, today's robots are light, compact, sophisticated machines 
designed to operate 1n a wide range of Industrial settings. 
Bylinsky (4) feels robots are destined to "render obsolete a good 
deal of what is currently thought of as automation". 
The current interest in Industrial robots can be traced to 
Industry's concern with productivity, profits, and safety and 
environmental regulations. Tanner (24) believes robots can 
lower production costs through their ability to work more con- 
sistently at a monotonous or dangerous job than a human being; 
through reduction of scrap rates; through less downtime, lower 
maintenance costs, reduced changeover times, and greater program 
flexibility; and through reductions 1n manpower requirements. 
Robots also enable companies to make what Engelberger (8) 
calls "human use of human beings" by replacing humans who work in 
boring, repetitive or dangerous work situations. Many experts 
feel that the jobs Industrial robots perform best are the ones 
that people usually try to avoid. Engelberger (8) states that by 
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replacing humans In these types of jobs, companies can not only 
create a safer work environment, but can also reduce turnover 
and absenteeism prevalent among workers who performed these tasks. 
To many people however, the very term "robot" evokes negative 
emotions. In a commentary on the soda! Implications of robots, 
Aareskjold (1) notes "The Industrial robot Is often given Image 
of representing a direct replacement of the human operator In 
the manufacturing process." Skole (22) states that, because of 
these and other unfounded misconceptions, the announcement of a 
proposed robot Installation can lead to anxiety, mistrust, low 
morale, and occasionally open hostility. He notes, "It requires 
very little Imagination...to predict what fearful, negative reac- 
tion there would be 1f information about industrial robots were 
not handled properly." 
According to Connole (6), companies must recognize and ac- 
knowledge the Importance of workforce acceptance, and must take 
carefully deliberated actions aimed at reducing workforce re- 
sistance and Improving acceptance. To accomplish this, Connole 
believes management must assume the responsibility for designing 
a system which will meet both the competitive and profit needs 
of the company, and the special economic and personal needs of 
their employees. 
Summary 
Robot use continues to grow along with Industry's concern 
for Improved productivity and profits and for meeting more 
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stringent safety and environmental regulations. In addition, 
Installing a robot on a job which 1s normally considered boring, 
repetitious, or dangerous enables companies to make what 
Engelberger (8) calls "human use of human beings". 
Because robots are often given the Image of being a direct 
replacement of a human being, the announcement of a proposed 
robot Installation can lead to mistrust, anxiety, and low morale. 
To counter this, management must design a system which will meet 
the needs of both the company and of Individual workers. 
Chapter 4 presents a detailed examination of some of the 
techniques which can be utilized by management to promote greater 
workforce acceptance of a new robot Installation. 
.X 
Chapter 4 
LITERATURE REVIEW 
A review of the current literature reveals a variety of 
suggestions for Increasing blue-collar acceptance of a robot 
Installation. For the purpose of this study, these suggestions 
are grouped and discussed under the following seven general 
headings: (1) Alleviating Unemployment Fears, (2) Area of 
Implementation, (3) Involving the Workforce, (4) Training 
Programs, (5) Informing the Public, (6) Safety Considerations, 
and (7) Labor Union Attitudes. 
1. Alleviating Unemployment Fears 
According to Welnberg (27), the primary cause of resistance 
to automation among workers Is the fear of unemployment. The 
Individual wants his job and Income rights protected and his 
acceptance depends on how well these demands are met. Most 
experts agree that In order to generate any blue-collar support 
for a robot application workers must be assured they will still 
have a job after the robot Is Installed. 
In a study on the transition to automation by companies, a 
University of Colorado team (15) studied a company making changes 
to a heavily automated process. The company told workers well 1n 
advance that they would still have jobs (although perhaps not the 
same positions) after the changes were complete, a factor which 
was found to produce significant positive attitudes. 
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We1nste1n (26) found that 1n Britain, a country already hurt 
by high unemployment throughout most of the 1970's, manufacturers 
experienced strong worker resistance toward robots. This mood has 
been directly attributed to the fear of even more widespread un- 
employment. 
Robots can and do take jobs away from human beings. In 1970. 
T. J. Watson (6). then chairman of International Business Machines, 
stated "We cannot argue that technological change and automation 
are not labor-saving processes. They do cause displacement of 
people. In fact, to do so 1s one of their major purposes." 
The problem for companies then 1s to eliminate the possibil- 
ity of unemployment, yet satisfy their goal of reducing labor 
costs through the use of automation. Roberts (20) urges companies 
to rely on normal attrition and transfers to achieve this goal. 
By coordinating manpower and technical planning well In advance, 
sudden layoffs can be avoided. In his studies he found that many 
companies chose to postpone realizing savings made possible by 
automation until a natural workforce reduction occurred. 
Welnberg (27), 1n a study for the Bureau of Labor Statistics, 
found that providing a variety of measures for job security or In- 
come maintenance 1s being regarded more and more as a normal 
element of the total cost of change. He suggests that, because 
worker's needs differ according to age, family circumstances, sex, 
and other demographic considerations, companies should provide a 
variety of options to workers being displaced by a robot. These 
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options could Include severance pay, early retirement benefits, 
Inter- and Intra-plant transfer rights, and^relocatlon allowances. 
If unemployment becomes inevitable as a result of a robot 
installation, Welnberg (27) recommends that companies cushion the 
Impact as much as possible. He advocates that as much advance 
notice as possible be given to affected employees, their unions, 
and the community 1n order to provide adequate time for displaced 
workers to formulate plans and weigh alternate offers of employ- 
ment or layoff arrangements. 
Finally, Welnberg (27) urges employers to work 1n conjunction 
with government and community agencies to assist displaced workers 
1n minimizing their period of unemployment. Notified 1n. advance, 
these agencies can provide testing, placement, job counseling, 
training, and a wide variety of programs designed to Improve the 
employablHty of displaced workers. 
2. Area of Implementation 
A second Important consideration for management 1s robot 
installation site, as the correct site can garner maximum support 
for a new robot. Generally, little resistance has been encoun- 
tered by employers who have installed robots on jobs normally 
considered boring or dangerous. 
For many years the goal of industry was to design jobs in 
the Interest of production efficiency by breaking down jobs Into 
a series of repetitive tasks which could be quickly taught to 
relatively Inexpensive, unskilled laborers. Engelberger (8) 
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points out however that by the early 1960's workers began to 
demonstrate their aversion to these dull, repetitive tasks by 
demanding higher job attractiveness, wages equal to those of 
skilled workers, and through Increased absenteeism and turnover. 
He notes that, 1n 1981, there continues to be difficulty 1n find- 
ing and retaining persons willing to accept the physically, 
emotionally, and mentally fatiguing jobs found 1n many factories 
1n the United States. 
Many experts believe that the jobs robots do best are the 
ones human beings generally try to avoid. We1nste1n (26) states 
that programming robots to peform jobs which are considered 
repetitious and boring, fatiguing, or dangerous allows workers 
to perform more meaningful, challenging, "thinking" jobs. 
McLaln (17) call robots "the ultimate 1n the humanlsatlon of 
work". 
Both labor unions and employees have been receptive to 
robots which are Installed on boring or dangerous jobs. Macrl (16) 
relates that the first successful robot Installation at the Ford 
Motor Company was on a spot-welding job which had a health and 
safety grievance written against It. A robot was Installed to 
replace the worker to both Ms and the union's satisfaction. 
We1nste1n (26) found that 1n Sweden, trade unions assess jobs as 
to their suitability for performance by humans and refuse to allow 
employees to perform any work that Is deemed to be fit only for 
robots. 
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Installing a robot on the type of job described above can 
lead to improved blue-collar acceptance of a robot installation. 
Personnel Involved in the planning and installation must study the 
potential benefits of their application and then disseminate this 
information to all hourly personnel. Researchers have found that 
this important tool for increasing blue-collar acceptance, while 
seemingly obvious, is often overlooked by companies installing * 
their first robot. 
3. Involving the Workforce 
A third area important to improving blue-collar acceptance 
is to Involve the hourly workforce 1n the robot implementation. 
This should be accomplished by Involving workers who will be 
directly affected by the robot 1n the planning and installation 
process from the earliest stages, and by keeping all other plant 
personnel informed about details and progress of the robot in- 
stallation. 
Tanner (24) found that production people are genuinely 
Interested, can benefit from the success of a robot, and are 
vital to a successful application. In his studies, he found 
production personnel were able to offer valuable suggestions 
since they were much closer to, and familiar with, the job the 
robot was to assume. In one Installation for example, Macri (16) 
relates that engineers devoted a great deal of time and money in 
an effort to adapt a robot to a production area. After repeated 
failures, a production worker who had performed the job himself 
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for many years offered an unsolicited suggestion which led to 
successful modifications. 
Finally, 1n addition to Involving production workers 
directly affected by a robot Installation, research has shown 
other hourly personnel should also be kept Informed of, and 
Involved with, robot developments. Lipstreu and Reed (15) 
found a highly significant difference in the attitudes of blue- 
collar workers who had to get most of their information about 
planned changes from unofficial sources. According to Skole (22), 
disseminating information can be easily accomplished by displaying 
pertinent Information on bulletin boards or utilizing 1n-house 
newsletters, If available. *  - w 
4. Training Programs 
A new robot will usually create new jobs within a plant in 
such areas as maintenance and programming. Experts agree that 
almost any new job created by a robot can be performed by 
existing personnel. 
Connole (6) recommends that workers displaced by a robot 
should not be eliminated from the workplace, but rather "should 
be adapted to the changing Industrial environment". Roberts (20), 
In studies performed 1n conjunction with the Stanford Research 
Institute, found that In the companies they studied nearly all 
new jobs generated by automation were filled by people who were 
already employees of the company. They found that no problems 
were encountered 1n retraining the workforce, Irregardless of 
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the age of the worker. 
Providing adequate training programs for displaced workers 
1s an essential step 1n avoiding unemployment problems and pro- 
moting positive attitudes toward a robot Installation. In most 
cases, the robot manufacturer will offer training sessions for  * 
persons who will be working with a new robot. Companies should 
always train more than one person to work on a robot 1n order 
to avoid any Interruption 1n service should a key person quit or 
move to another job. Companies should also be prepared to send 
personnel to additional training seminars at regular Intervals 
1n order to maintain and/or upgrade worker skills. 
5. Informing the Public 
One aspect that 1s often overlooked 1n the planning of a 
robot Installation Is Informing the general public, as well as 
plant personnel, about a proposed installation. Skole (22) 
summarizes the Importance of informing the public by noting: 
"The Initiative and efforts devoted to Informing 
the public about robots will help gain general under- 
standing, acceptance and realistic enthusiasm. This 
will help the Industry avoid being put 1n a position 
of having to defend Industrial robots against attacks 
and criticism, based on what might be sincere fears - 
fears of the unknown." 
Numerous methods of Informing the public of a new robot 
installation can be utilized. Skole (22) suggests that management 
hold press showings where local media can view and photograph the 
new robot In action. He urges that employees be on hand to 
explain the new, safer, healthier, and more responsible jobs they 
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will be performing as a result of the robot installation. 
Lipstreu and Reed (15) found that one company built a working 
scale model of their newly-automated.process, which was put on 
display where workers and visitors could observe its' operation. 
Finally, companies might consider such suggestions as in- 
viting school classes to see the robot in operation, arranging 
for an open-house for the general public, and making films and/or 
slide presentations available for showing to community organiza- 
tions. 
6. Safety Considerations 
While providing for a safe workplace around a robot ap- 
plication will not have any effect on Improving worker ac- 
ceptance prior to an Installation, authors suggest that proper 
precautions will help promote continued acceptance of the robot 
after 1t has been Installed. While the degree of precautions 
necessary to Insure worker safety will vary between applications, 
there are several general safety guidelines which should be 
adhered to. 
Tanner (24) states that the goal of management should be to 
encourage the workforce to consider the robot a natural element 
of the manufacturing environment, and should not alienate workers 
by going to extremes In segregating them from the robot. He 
recommends that management use common sense when considering 
safety factors, keeping 1n mind the ultimate goal of protecting 
workers from the robot and vice-versa. 
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Heroux and Munson (11) suggest that, at a minimum, com- 
panies should Install safety chains or, guard rails around the 
robot to prevent someone from walking into Its' path. On jobs 
where a human being is working in conjunction with the robot, 
Macri (16) recommends that the employee's work station be 
located behind a guard rail which separates the worker from the 
robot. The robot should also be modif1ed\o that Its' arm can- 
not reach past the railing. ' 
Finally, companies should follow any safety recommendations 
set forth by the robot manufacturer, and should strictly adhere 
to any applicable safety standards required by the Occupational 
Safety and Health Administration or other local safety governing 
agencies. 
7.  Labor Union Attitudes 
The goals and attitudes of labor unions with respect to 
robots are much the same as those of individual workers. These 
Include providing guarantees of continued employment for members; 
providing training programs for persons displaced by the robot 
or for those who will be performing newly-created jobs as a 
result of the robot; being included 1n the planning and installa- 
tion of the robot; and passing on to the workers some of the 
benefits the company will realize as a result of the installation. 
One union constantly faced with the problem of robot 
acceptance 1s the United Auto Workers (U.A.W.) as the highest 
concentration of robots in 1981 1s found 1n the automotive 
16 
Industry (4). The U.A.W. has consistently adapted resolutions 
approving technological Improvement, believing that the greater 
productivity made possible by automation can help Improve the 
quality of products, and can provide a better work environment 
for their members. Young (28) quotes a spokesman for the U.A.W. 
as saying "We don't oppose the use of these devices (robots). We 
don't believe anyone can stand 1n.the way of this kind of progress." 
Perhaps the general attitude of labor unions 1s best sum- 
marized by Anthony Connole (6), who^sjtated: 
"The fruits of the technological change 
should be directed at Improving the Industrial 
climate - more rest breaks, cleaner facilities, 
a more human work pace, a greater emphasis on 
quality of work and a deemphasls on quantity, 
and literally thousands of other things which 
could provide a better, healthier, and more 
dignified work environment." 
Summary 
There are a variety of actions plant management can engage 
1n prior to the Installation of a first robot, which will help 
improve blue-collar acceptance toward the robot. This chapter 
discussed the major actions suggested by authors of the current 
literature, which Include guaranteeing continued employment; 
offering a variety of alternatives to displaced workers; In- 
stalling the robot on a boring or dangerous job; Insuring blue- 
collar and union participation 1n the planning and Installation 
process, and; utilizing 1n-house personnel to fill any new jobs 
created by the robot Installation. 
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Chapter 5 discusses how these concepts were Incorporated 
Into a two-part questionnaire and explains the research design 
and methodology. 
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Chapter 5 
RESEARCH DESIGN AND METHODOLOGY 
This study is designed to determine whether there is a 
positive correlation between workforce acceptance of a first 
robot installation and the degree to which management engages in 
recommended pre-1nstallat1on techniques. 
In this chapter the research design and methodology are 
presented in five sections: (1) Hypothesis, (2) Subjects For the 
Study, (3) Data Gathering Instrument, (4) Data Gathering Pro- 
cedure, and (5) Summary. 
1. Hypothesis 
A review of the current literature indicates that management 
can positively influence the attitudes of the blue-collar workforce 
by engaging in a series of actions prior to a first robot -Installa- 
tion. Based on this information, the following hypothesis was 
formulated: 
Hypothesis: 
Management can increase the level of blue-collar 
acceptance shown toward a first robot Installation by 
engaging 1n a series of actions aimed at educating 
the workforce about the proposed robot and involving 
them 1n the planning and Installation process. 
2. Subjects For the Study 
The population for this study included representatives of 
facilities located in the tri-state area of Ohio, Michigan, and 
Indiana. Twenty firms were selected to participate from a 11st 
of manufacturing firms known to utilize robots 1n their pro- 
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ductlon area. A list of these firms was compiled through infor- 
mation provided by the Robot Institute of America, various robot 
manufacturers, trade journals, and through personal contacts with 
members of the Toledo, Ohio chapter of the American Institute of 
Industrial Engineers. 
3.  Data Gathering Instrument 
Data for the study were gathered through the use of a two- 
part questionnaire constructed by the investigator. The ques- 
tionnaire was mailed to the twenty firms selected for the study. 
Part I of the questionnaire was designed to measure the 
degree to which management engaged 1n the various pre-installa- 
tlon techniques designed to Improve blue-collar acceptance of a 
new robot Installation. Based on Information found 1n the 
literature review, eight questions were developed representing 
the major areas of consideration. Participants were asked to 
respond either "yes" or "no" to the questions. 
Based on the Importance placed on the various suggestions by 
the authors, two to ten points were awarded for each affirmative 
response and zero points were given for each negative response. 
The subject's total score for Part I was the sum of all eight 
Items. Scores could range from zero to 59, with a high score 
Indicating that a company engaged heavily in the various pre- 
1nstallat1on techniques. 
Part II was designed to measure the success of the robot 
installation as defined by blue-collar acceptance shown toward 
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the robot. It consisted of six questions constructed to elicit 
"yes-no" responses, specific numbers and percentages, and a self- 
evaluation of the level of blue-collar acceptance. The subject's 
total score on Part II was the sum of the points awarded on the 
six questions. Scores could range from zero to 42, with a high 
score Indicating a high level of workforce acceptance. 
To pretest for clarity, the questionnaire was administered 
to five professional engineers whose preparation and background 
was likely to be similar to that of the study participants. 
4.  Data Gathering Procedure 
The gathering of data for the study took place 1n three 
stages: (a) Selection of Manufacturing Firms, (b) Distribution 
and Return of the Questionnaire, and (c) Data Analysis Procedures. 
a). Selection of Manufacturing Firms 
Twenty manufacturing firms known to utilize at least one 
robot 1n their production area were selected to participate 1n 
the study. All of the firms were geographically located 1n the 
trl-state area of Ohio, Michigan, and Indiana. 
b). Distribution and Return of the Questionnaire 
Plant managers at each of the selected facilities were con- 
tacted by mall and asked to participate 1n the study. Corre- 
spondence Included a description of the study, Its' purpose and 
Importance, and a request for participation. Also Included was 
a questionnaire and a stamped, self-addressed to be used for Its' 
return. Plant managers were requested to forward the questlon- 
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nalre to the individual who had direct responsibility for over- 
seeing the planning and Installation of the plant's first robot. 
All returns were anonymous. The final sample of subjects 
who returned useable questionnaires consisted of nine manufac- 
turing firms, or 45% of the total originally contacted and asked 
to participate. 
c). Data Analysis Procedures 
Mean values and standard deviations were computed for the 
data collected 1n the study. In addition, a correlation analysis 
was performed on the data to determine whether a significant 
correlation existed between the scores on Part I and Part II of 
the questionnaire. For the purpose of this study, a Pearson 
Product-Moment Correlation Analysis was chosen (14). Finally, 
individual questions on Part I of the questionnaire were 
correlated to corresponding total scores on Part II, and 
correlations were calculated for all possible combinations of 
questions on Part I. 
5.  Summary 
This chapter included a discussion of the formulation of the 
hypothesis, a description of the data gathering instrument, 
procedures for selecting and contacting respondents, and the 
method of data analysis. In Chapter 6, data collected 1s 
presented along with results of the statistical analysis 
performed. 
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Chapter 6 
PRESENTATION AND ANALYSIS OF DATA 
Data gathered from the returned questionnaires were sub- 
jected to a statistical analysis. The findings are presented in 
the following four sections: (1) Data on the Scores of the Test 
Group as a Whole, (2) Testing of the Hypothesis, (3) Additional 
Findings, and (4) Summary. 
1 .   Data on the Scores of the Test Group as a Whole 
Scores on Part I of the questionnaire ranged from 32.0 to 
44.0 with a mean score of 37.56 and a standard deviation of 3.62. 
The median score was 37.0. 
Scores on Part II of the questionnaire ranged from 18.0 to 
34.0 with a mean score of 27.11 and a standard deviation of 5.17. 
The median score was 25.0. 
• 2.   Testing of the Hypothesis 
The hypothesis stated: 
"Management can Increase the level of blue-collar 
acceptance shown toward a first robot Installation by 
engaging 1n a series of actions aimed at educating the 
workforce about the proposed robot and involving them 
in the planning and Installation process." 
A Pearson Product-Moment Correlation Analysis was performed 
to test the correlation between the total scores on Parts I and II 
of the questionnaire. The Pearson analysis resulted 1n a 
correlation coefficient of 0.7434 which was significant at the 
.05 level. On the basis of these findings, the hypothesis was 
accepted. 
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Numerous combinations of statements on Part I of the 
questionnaire also resulted in significant correlation coef- 
ficients at the .05 level, however the combination of all eight 
statements on Part I resulted in the highest correlation value. 
3.  Additional Findings 
Responses to individual questions, while not specifically 
related to the hypothesis tested, provide data which seem per- 
tinent to the study. These additional data are compiled 1n 
Table 1 and are discussed 1n the following sections: (a) 
Background Information, (b) Responses to Individual Questions, 
Part I, and (c) Responses to Individual Questions, Part II. 
a). Background Information 
Questions 1n this section were asked to Insure that robots 
in question were in use for at least one year, and that labor 
unions represented blue-collar workers 1n the plants surveyed. 
Respondents not meeting these criteria would have been eliminated, 
however all respondents indicated hourly workers were represented 
by a labor union, and all robots had been in operation for at 
least one year. The earliest installation amoung respondents 
was July, 1968, while the most recent installation was December, 
1979. 
b).  Responses to Individual Questions, Part I 
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TABLE 1 - Summary of Responses to Individual Questions on 
Part I of the Questionnaire 
Question    "Yes" Responses  %       "No" Responses 
1 
2 
3 
4 
,5 
6 
7 
8 
5 55.6 4 44.4 
7 77.8 2 22.2 
9 100.0 0 0.0 
9 100.0 0 0.0 
0 0.0 9 100.0 
4 44.4 5 55.6 
4 44.4 5 55.6 
5 55.6 4 44.4 
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The statements in Part I of the questionnaire are pre- 
sented below along with relevant data and findings. Each state- 
ment is followed by the total number of affirmative and negative 
responses. Correlation coefficients for each individual 
question, as they related to total scores on Part II, are also 
provided. 
1 • Blue-collar workers were guaranteed during the early plan- 
ning stages that they would still be employed by the com- 
pany after the robot was installed. 
Of the nine participants, five (55.6%) responded that 
workers were guaranteed jobs after the robot was installed, 
while four (44.4%) did not make any such guarantee. None of the 
companies responding however actually furloughed any workers as 
a direct result of the robot Installation. 
Statement #1 was found to have a significant correlation to 
the total score on Part II of the questionnaire. Use of the 
Pearson analysis resulted in a correlation coefficient of 0.7108 
which was significant at the .05 level. 
2. The robot was Installed on a job which is considered 
repetitious and boring, fatiguing, or dangerous. 
Seven participants (77.8%) responded that the robot was 
Installed on a boring or dangerous job, while two (22.2%) 
Indicated 1t was not. The Pearson analysis resulted in a 
correlation coefficient of -0.1435, which was not significant at 
the .05 level. 
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3. All new jobs created as a result of the robot installation 
were filled by in-house personnel. 
All nine participants indicated that new jobs created as a 
result of the robot installation had been filled exclusively by 
existing personnel. The Pearson analysis resulted in a cor- 
relation coefficient of 0.0000 which was not significant at the 
.05 level.   
4. No layoffs occurred as a direct result of the robot In- 
stallation? 
All nine participants responded that no layoffs occurred as 
a direct result of the robot Installation. The Pearson analysis 
resulted 1n a correlation coefficient of 0.0000 which was not 
significant at the .05 level. 
5. At least one member of the hourly workforce was included 1n 
the pre-installation planning discussions. 
All nine participants In the study Indicated that they did 
not Involve any blue-collar personnel 1n pre-installation plan- 
ning discussions. The Pearson analysis resulted in a correlation 
coefficient of 0.0000 which was not significant at the .05 level. 
6. Union personnel were informed of the proposed robot in- 
stallation early 1n the planning stages. 
Four participants (44.4%) Indicated they had Informed union 
personnel of the proposed robot Installation early 1n the plan- 
ning stages, while five (55.6%) Indicated'they had not. The 
Pearson analysis resulted 1n a correlation coefficient of 0.3218 
which was not significant at the .05 level. 
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7. Hourly personnel (including those who were not directly 
affected by the robot Installation) were kept  informed   o-F 
robot developments during the planning stages  through  tne 
use of company announcements, In-house news 1 etters,  etc .~ 
Of the nine participants 1n the study, four   (44.4%)   In- 
dicated that they kept the hourly workforce informed while   -r""f ve 
(55.6%) indicated they had not.    The Pearson analysis  resulted    in 
a correlation coefficient of 0.3698 which was not  signif icare-fc 
at the .05 level. 
8. Through the use of press showings, open-house  demonstrations 
or other methods, the general public was also  informed   o-f1"    trie 
robot Installation! ' 
Five participants (55.6%) indicated they did   inform  the 
general public of the new robot, while four (44.4%)   responded 
they did not.    The Pearson analysis resulted In  a  correlation 
coefficient of 0.1921 which was not significant at  the   .05   level - 
b).    Responses to Individual Questions, Part   II 
Questions asked 1n Part II of the questionnaire,  which   w«»s 
designed to provide a numerical rating for workforce acceptance 
of the robot, are presented below.    Each question   is  followed 
by the rationale for Its'  Inclusion and a summary of the 
responses. 
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1. Based solely on the response of the blue-collar workforce 
toward the first robot Installation, would you consider 
installing another robot elsewhere in the plantT 
This question was based on the belief that a company ex- 
periencing strong workforce resistance toward a first robot 
installation would be hesitant to install additional robots. 
All nine participants Indicated they would install another robot 
in their plant based on worker response to the first robot 
Installation. 
2. On the scale, circle one of the nine numbers which you feel 
Beit expresses the degree of acceptance of the blue-collar 
workforce toward the plant's first robot installation." 
This Item was designed as a self-measurement tool to assess 
the degree of acceptance shown by the hourly workforce toward the 
plant's first robot Installation. The scale ranged from one to 
nine, with a one Indicating complete non-acceptance of the robot 
and a nine indicating complete workforce acceptance. Points 
awarded for each response and the frequency of responses are 
shown In Table 2. 
The mean score reported for this question was 6.22 with a 
median score of 6.0. 
3. During the first year of operation, how many grievances were 
filed which were a direct result of worker dissatisfaction 
with the robot InstallationT 
Failure to foresee and properly provide for problems af- 
fecting the hourly workforce would be likely to result in a 
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TABLE 2 - Self-Reported Levels of Workforce Acceptance Shown 
Toward the First Robot Installation 
Scale   Points Awarded   Frequency Reported   Percentage* 
1 0 
2 0 
3 0 
4 1 
5 2 
6 5 
7 10 
8 15 
"\ 
9 15 
0 - 
0 - 
0 - 
1 11.1% 
1 11.1% 
3 33.3% 
3 33.3% 
1 11.1% 
0 - 
♦Totals 99.9% due to rounding 
99.9% 
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grievance being filed. Of the nine participants in the study, 
seven (77.8%) reported no grievances had been filed during the 
first year of operation, and two (22.2%) reported one grievance 
had been filed. No firms reported more than one grievance. 
4. Approximately what percentage of uptime was experienced 
with the robot during its' first year of operation? 
Failure by a ciompany to properly plan a robot Installation 
would likely result in a higher amount of downtime than would 
normally be expected. This could lead to a tendency for the 
robot to become a "scapegoat" for production problems, resulting 
in decreased workforce acceptance of the robot Installation. 
Categories and points awarded for each response along with the 
frequency of responses are listed in Tajb}£ 3. 
Uptime reported by the nine participants 1n the study 
ranged from 92% to 97% with a mean score of 95.4% and a median . 
score of 96%. 
5. Does the local labor union which represents workers in your 
plant endorse the use of robots in the production area? 
Labor union endorsement would indicate a good employer/ 
union relationship with regard to robots, and would be likely 
to positively Influence blue-collar worker acceptance. 
Of the nine participants 1n the study, five (55.6%) 
indicated their labor union did endorse robot use in their 
facility at the time of the study, while four (44.4%) responded 
their unions did not. 
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TABLE 3 - Frequency of Reported Robot Uptime During the First 
Year of Operation. 
Range    Points Awarded   Frequency Reported   Percentage 
98% + 5 
96-97% 2 
91-95% 1 
0-90% 0 
0 0.0% 
6 66.7% 
3 33.3% 
0 0.0% 
32 
100.0% 
6. Are there any specific restrictions concerning robot use 
Incorporated Into your current Tabor contract, or have any 
__       • -  ft      ■  •""■ been proposed for future contracts? 
An affirmative response to this question could Indicate some 
degree of trouble or mistrust between the company and the union, 
which could again result 1n negative worker attitudes toward the 
robot. 
Eight (88.9%) of the respondents Indicated no such' re- 
strictions existed or were proposed, while one (11.1%) In- 
dicated some restriction existed or was proposed. 
4. Summary 
This chapter presented the data collected with the question- 
naire and results of the statistical analyses performed. Based 
on a Pearson Product-Moment Correlation Analysis, a significant 
correlation was found to exist between total scores on Parts I 
and II of the questionnaire, and the hypothesis was accepted. 
Additional findings generated by the questionnaire were also 
presented. 
Chapter 7 presents several conclusions based on the findings 
of this study. 
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Chapter 7 
CONCLUSIONS 
A properly engineered robot system alone will not guarantee 
a successful robot implementation. Numerous robot installations 
have failed due to management's Inability to garner the support of 
the blue-collar workforce toward the robot. Management can 
positively influence blue-collar attitudes by engaging in a 
series of planned pre-1nstallat1on activities aimed primarily 
at reducing workforce apprehension about a robot through education 
and at Increasing workforce participation 1n the robot plan- 
ning and Installation stages. 
This study presented a variety of techniques, promoted by 
authors of the current literature, which were designed to 
accomplish this goal. One action in particular, guaranteeing 
workers continued employment after a robot Installation, was 
shown to have a significant correlation with high levels of 
workforce acceptance. Thus, such action should be of primary 
Importance to management in a plant considering a first robot 
Installation. 
An area broadly stressed 1n the literature, but widely 
Ignored by the subjects contacted 1n this study, 1s to Involve 
a member (or members) of the hourly workforce In the planning 
and installation process. Personnel performing the task a robot 
1s to assume can be-a valuable source of information concerning 
the details and Intricacies of the job. However, none of the 
34 
respondents In this study indicated that they had Included any 
of the hourly workforce 1n the planning of the robot Installation 
1n their plants. Not only did these plants reject a potentially 
valuable source of information, they also did not take advantage 
of the opportunity to help eliminate the "us and them" attitude 
prevalent between hourly workforces and management in many 
American manufacturing facilities. 
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Chapter 8 
SUMMARY 
The purpose of this thesis was to evaluate the correlation 
between pre-robot installation management actions and the level 
of blue-collar acceptance shown toward the first robot instal- 
lation in a manufacturing facility. 
According to Anthony Connole (6), companies must recognize 
the Importance of workforce acceptance, especially for the first 
robot Installation, and must take carefully deliberated actions 
aimed at reducing workforce resistance. To accomplish this, 
management must design a system which will meet both the com- 
petitive and profit needs of the company, and the special 
economic and personal needs of the employees. 
Authors of the current literature offer a variety of sug- 
gestions aimed at alleviating the often-times unfounded fears of 
hourly workers 1n regard to a first robot Installation, and In- 
volving the workforce 1n the planning and Installation of the 
robot! These suggestions were incorporated into a two-part 
questionnaire designed to measure the degree to which companies 
already having robots engaged in the various pre-1nstallat1on 
techniques, and the level of acceptance shown toward the robot 
by the plant's blue-collar workforce. Twenty manufacturing 
firms known to utilize at least one robot in their production 
area were contacted and asked to participate in the study. 
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Data collected in the study were statistically analyzed 
using a  Pearson Product-Moment Correlation Analysis to determine 
whether or not a significant correlation existed between the 
number and variety of pre-installation techniques management 
engaged  in prior to their first installation, and the level of 
acceptance shown toward the robot by blue-collar workers. 
The Pearson analysis resulted in a correlation coefficient 
of Q«7434 which was significant at the .05 level.   Similar 
analyses  on individual techniques and their relationship to high 
workforce acceptance showed one suggestion - guaranteeing workers 
continued employment after the Installation - to be significantly 
correlated at the .05 level. 
Based on these findings, the hypothesis was accepted, which 
stated: 
"Management can Increase the level of blue-collar 
acceptance shown toward a first robot installation by 
engaging 1n a series of actions aimed at educating the 
work-force about the proposed robot and Involving them 
1n the planning and installation process." 
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Chapter 9 
RECOMMENDATIONS FOR FUTURE WORK 
Based on the responses of the participants 1n this study 
and on the statistical analysis performed, 1t was shown that a 
significant correlation exists between the degree to which 
management educates and Involves blue-collar workers in regard 
-fcft a robot Installation, and the level of workforce acceptance 
shown toward the robot. 
To further validate this study, Identical studies could be 
conducted using subjects from different geographic locations, 
which might reflect varying attitudes and characteristics. 
Because many of the firms sampled 1n this study were Involved 
directly or Indirectly with the automotive Industry, using a 
population from different geographic areas would also help to 
eliminate any bias which may have resulted from this. 
One possible long-term study could be to use an Instrument 
similar to the one utilized by Upstreu and Reed (15) to measure 
workforce attitudes prior to the announcement of a first robot 
Installation. The same Instrument would then be administered 
to the same population after the robot 1s Installed to compare 
and assess the results. 
Finally, further research should be conducted to determine 
the Importance of each of the Individual pre-1nstallat1on sug- 
gestions. A company faced with limited financial and human 
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resources could then address only those areas shown to produce 
the most significant results 1n improving blue-collar acceptance 
toward a first robot installation. 
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Appendix A-l 
LETTER SENT TO COMPANIES REQUESTING THEIR 
PARTICIPATION IN THE STUDY 
1224 Sandusky Street, D-23 
Fostorla, Ohio 44830 
February 1, 1981 
Dear 
I am writing to invite your company to participate 1n a 
research project which I am conducting in partial fulfillment of 
the requirements of Master of Science degree 1n Industrial 
Engineering from Lehigh University, Bethlehem, PA. 
•In my study, I am Investigating how certain management 
actions, prior to a first robot installation, affect the level of 
blue-collar acceptance toward the robot. I will collect data 
through the use of the brief questionnaire which I have enclosed. 
It will take respondents only about fifteen minutes to complete. 
Please note that neither companies nor individual par- 
ticipants will be identified 1n the study, which has been de- 
signed to Insure the anonymity of participating firms. Data 
will be placed 1n the form of statistical summaries and will 
be reported as such 1n the final report. Upon request, a sum- 
mary of my finding and conclusions will be forwarded to you 
upon completion of the study. 
I am hoping that your firm will be able to participate 
in the study. Given the limited financial and human resources 
of most companies and the sizeable capital Investment required 
for a robot Installation, 1t 1s Important for management to 
direct their resources toward those areas which will yield the 
most beneficial results. As robot use continues to become more 
widespread, results of this study could become a valuable 
management tool. 
If you wish to have your firm participate In this study, 
please forward the enclosed questionnaire to the person who 
had direct responsibility for overseeing the planning and 
installation of your plant's first robot. After completion, 
the questionnaire should be returned in the self-addressed, 
stamped envelope I have provided. 
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I appreciate your time and consideration in this matter, 
and look forward to hearing from you soon. 
Sincerely, 
Edwin W. Bradley 
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Appendix A-2 
DATA GATHERING QUESTIONNAIRE 
Department of Industrial Engineering 
Lehigh University 
Bethlehem, Pennsylvania 
Robot Installation Questionnaire 
This   1s a research questionnaire.    In 1t you will   be asked a 
variety of general questions pertaining to management actions 
prior-   to the Installation of the FIRST robot in  your plant, 
and   several specific questions relating directly   to your robot 
installation. 
Pleas^e  DO NOT write your name or the name of your  company 
anywhere on the questionnaire.    Neither companies  nor individual 
participants will  be Identified 1n the study.     Data will be 
placed   1n the form of statistical summaries and  will be reported 
as  such  1n the final report. 
Background Information 
1 .     What month and year was the robot being referred to on this 
questionnaire brought into service in your plant? 
T$> 19 
Are  hourly production personnel  1n your plant   represented 
by   an authorized labor union? 
Yes No 
(If   "No", please skip question #6 on Part I.   and questions 
#5   and #6 on Part II.) 
Instructions - Part I 
Please   answer the following questions "Yes" or "No"  by placing 
a   check  mark In the appropriate column next to each  statement. 
While   every statement may not match your situation   exactly, 
please   answer questions as accurately as possible. 
YES        NO 
           1.    Blue-collar workers were guaranteed  during the 
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YES NO 
early planning stages that they would still be 
employed by the company after the robot was in- 
stalled. 
    2. The robot was installed on a job which is con- 
sidered repetitious and boring, fatiguing, or 
dangerous. 
    3. All new jobs created as a result of the robot 
Installation were filled by in-house personnel. 
    4. No layoffs occurred as a direct result of the 
robot Installation. ("Yes" response indicates 
no layoffs occurred.) 
    5. At least one member of the hourly workforce 
was Included in the pre-installation planning 
discussions. 
    6. Union personnel were informed of the proposed 
robot Installation early in the planning stages. 
    7. Hourly personnel, Including those who were not 
directly affected by the robot Installation, 
were kept informed of robot developments during 
the planning stages through the use of company 
announcements, In-house newsletters, etc. 
    8. Through the use of press showings, open-house 
demonstrations or other methods, the general 
public was also informed of the robot Instal- 
lation. 
Instructions - Part II 
The following questions pertain to specific circumstances sur- 
rounding your first robot during Its' FIRST YEAR OF OPERATION. 
Please answer each question by checking the appropriate answer 
or filling 1n the blank as required. 
1. Based solely on the response of the blue-collar workforce 
toward the first robot Installation in your plant, would 
you consider Installing another robot elsewhere in your 
plant? 
 Yes    No 
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One the scale below, circle one of the nine numbers which 
you feel best expresses the degree of acceptance of the 
blue-collar workforce toward the plant's robot Instal- 
lation. Any one of the nine numbers can be circled. Word 
explanations under numbers 1, 5, and 9 are offered only as 
guidelines. 
1   2 
I 
Complete 
Non-Acceptance 
Workers would 
strongly oppose 
any future 
Installations. 
5   e 
I 
Partial 
Acceptance 
8   9 
I 
Complete 
Acceptance 
Workers would 
welcome any 
additional 
Installations. 
3. During the first year of operations, how many grievances 
were filed which were a direct result of the robot Instal- 
lation? 
5. 
6. 
Approximately what percentage of uptime was experienced 
with the robot during its' first year of operation? 
% 
Does the local labor union which represents hourly workers 
1n your plant endorse the use of robots 1n your facility? 
Yes No 
Are there any specific restrictions concerning robot use 
Incorporated Into your current labor contract, or have any 
been proposed for future contracts? 
Yes No 
Please return the completed questionnaire 1n the self-addressed 
stamped envelope I have provided. Those persons Interested in 
receiving a summary of the results of this study are asked to 
please contact me with your request under separate cover. I 
appreciate your time in this matter, and your important con- 
tribution to this study. 
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Appendix A-3 
FORMULA USED FOR STATISTICAL ANALYSIS 
Following 1s the formula used for computing"correlation co- 
efficients 1n this study using a Pearson Product-Moment 
Correlation Analysis (14). 
nE(xy) - (Ex)(Ey) 
v
 [nExz - (Ex)2] [nEyz - (Ey)Z] 
where: 
n - number of respondents 1n the study 
x ° scores on Part I of the questionnaire 
y = scores on Part II of the questionnaire 
r * correlation coefficient 
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Appendix A-4 
POINTS AWARDED FOR VARIOUS RESPONSES^ > 
The following 1s a summary of the points awarded for various 
responses to questions on Parts I and II of the questionnaire. 
For convenience, a short description of each question 1s Inclu- 
ded. 
Part I 
1. Workers were guaranteed continued employment. 
2. The robot was installed on a boring or dangerous 
job. 
3. New jobs were filled by In-house personnel. 
4. No layoffs occurred as a result of the Installa- 
tion. 
5. A member of the hourly workforce was Included 
1n planning discussions. 
6. Union personnel were Informed of the proposed 
robot Installation. 
7. Other hourly personnel were also kept Informed 
of robot developments. 
8. The general public was also Informed of the 
new robot Installation. 
YES NO 
10 _0 
10 _0 
JO _0 
10 0 
Part II 
Based on the response of the workforce toward the first 
robot Installation, would you consider Installing another? 
10 Yes     0  No 
Circle the number which you feel best expresses the attitude 
of workers toward the first robot installation. 
1, 2, or 3 = 0 points     6*5 points 
4 = 1 point     7 = 10 points 
5=2 points     8 or 9 = 15 points 
46 
Appendix A-4 Continued 
3. How many grievances were filed during the first year of 
operation which were directly attributable to the robot 
installation? 
None = 5 points   One or more = 0 points 
4. What percentage of uptime was experienced? (Based on an 
average uptime of 90 to 95% experienced by most users.) 
Less than 90% = 0 points 
91-95% « 1 point 
96-97% - 2 points 
98-100% = 5 points 
5. Does the labor union endorse the use of robots? 
5  Yes      0  No 
6. Are there any restrictions included in or proposed for 
the labor contract? » 
0  Yes      2  No 
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Appendix A-5 
PARTICIPANT'S RESPONSES TO QUESTIONS 
12 3 4 
1. Workers were guaranteed continued    No  No  Yes  Yes  No  Yes  No  Yes  Yes 
employment. 
2. The robot was Installed on a boring  Yes Yes  Yes  No  Yes  Yes  Yes  No  Yes 
or dangerous job. 
3. New jobs were filled by 1n-house    Yes Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes 
personnel. 
4. No layoffs occurred as a result     Yes Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes 
of the Installation. 
5. A member of the hourly workforce    No  No  No  No  No  No  No  No  No 
&   ,was Included In planning discussions. 
6. Union personnel were Informed of    No  Yes  No  Yes  Yes  No  Yes  No  No 
the proposed robot Installation. 
7. Other hourly personnel were also    No  No  No  No  Yes  Yes  No  Yes  Yes 
kept informed of robot developments. 
8. The general public was also Informed  Yes Yes  No  Yes  No  Yes  No  Yes  No 
of the robot Installation. 
Appendix A-5 Participant's Responses to Questions (cont'd) 
123456789 
Part II, 
1. Based on the response of the work-   Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes 
force toward the first robot, would 
you consider Installing another? 
2. Circle the number which you feel     6   4   7   8   5   76   6   7 
best expresses the attitude of 
workers toward the first robot 
installation. 
3. How many grievances were filed       0   0   10   0   0   1 
during the 
operation? 
Jo    first year of robot 
4. What percentage of uptime was       97%  96%  96%  95%  93%  97%  92%  96%  97% 
experienced? 
5. Does the labor union endorse       No  Yes  Yes  No  Yes  Yes  No  No  Yes 
the use of robots? 
6. Are there any restrictions In-      No  No  Yes  No  No  No  No  No  No 
eluded or proposed for the labor 
contract? 
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